Deep brain stimulation (DBS) is a well-established treatment modality for movement disorders. As more behavioral disorders are becoming understood as specific disruptions in neural circuitry, the therapeutic realm of DBS is broadening to encompass a wider range of domains, including disorders of compulsion, affect, and memory, but current understanding of the cellular mechanisms of DBS remains limited. We review progress made during the last decade focusing in particular on how recent methods for targeted circuit manipulations, imaging and reconstruction are fostering preclinical and translational advances that improve our neurobiological understanding of DBS's action in psychiatric disorders.
Introduction
There is increasing awareness that 'circuitopathies', dysfunctions in brain circuits characterized by abnormal patterns of electrical activity and oscillations, are responsible for the signs and symptoms of neurological and psychiatric disorders. This has coincided with a rapid shift in the conceptualization of novel treatment strategies, away from brain-wide interventions based on pharmacology, and toward an upcoming generation of pathway-focused and device-based therapeutics or 'electroceuticals' [1] . These approaches aim to reprogram faulty circuits by capitalizing on our greater understanding of the brain's cellular architecture and the mechanisms of activity-dependent neuroplasticity. Deep brain stimulation (DBS) has been the prototype and is currently the most clinically advanced of such approaches. This technique, which emerged in the 1980s, has arguably served as one of the triggers for the aforementioned shift. DBS refers to the process of delivering an electrical current to a precise location in the brain using surgically implanted chronic electrodes [2, 3] .
The use of DBS in Parkinson's disease (PD) and other neurological disorders has thus far been the main application of this technology. Chronic high-frequency DBS for treatment of movement disorders was pioneered in the early 1990s [2, 4] , and stimulation of the subthalamic nucleus (STN), globus pallidus (GPi), and ventral intermediate nucleus (VIM) are now common procedures for treatment-resistant PD and essential tremor [3, 5] . Nearly 100,000 patients have been implanted with DBS devices in the US [3] and this number is growing at a rate of 8000-10,000 patients per year [6] .
In the early 2000s, the success of DBS for movement disorders coupled with an increasing understanding of the circuitry underlying mental disorders spurred initial investigations into the efficacy of DBS in psychiatry. This review will provide an overview of the principles of DBS action in this context, summarize the progress made during the last decade in this area and discuss the emerging understanding of the circuit, cellular and molecular mechanisms underlying its therapeutic activity.
General principles of DBS action: still many open questions
A. Stimulatory versus inhibitory effects on cell firing at the site of stimulation DBS stimulates a spherical volume of tissue around the electrode [7] , and the effects of this stimulation can vary regionally depending on the molecular characteristics of local neurons or glial cells, which determine their passive membrane properties and compositions of voltage-sensitive ion channels [2] . Accordingly, the response of individual cell bodies in the stimulated region is typically phaselocked to stimulation but varies with regard to the proportion of cells increasing and decreasing their firing rate [2, 3, 8] . Potential mechanisms for DBS-induced inhibition of cell bodies include depolarization block, inactivation of Na + channels, presynaptic depression or depletion of excitatory afferents, and stimulation of inhibitory afferents [3] .
B. Modulation of cell bodies and dendrites versus axons
Because the chronaxie of a myelinated axon is typically orders of magnitude lower than for cell bodies or dendrites (making the former more excitable), DBS may 
